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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 

This application Is a continuatlor^n-part of U.S. Serial No 09/559 122 ^ 

6O/119B11 . wwtelonal patent application serial number 

60/119.611, attorney dockel number 25791.8. Bed on 2/11/1990 wJ, 
o^uaBorMn-oart of us .• .. "N* "as a 

20 do*« mmJZ££ET .7 "* ^ 09M54.139. efiomey 

12/7/1998. ^ aPF * Oa80n — ^"IW M on 
25 filed on 11-16-1999 whirh ■' Tr~ J ' 0mey d00ket numbe ' 25791.9.02, 

( 2 »^p«en,apZZ~ 9yd ^ , 7^ 2 ^^»<^-19 9 8 ; 
filed on 12-3-1999 whir* h •« .1 attom «y docket number 25791.3.02, 

- <3, ^ a PP ;,c:r':^^ 9 ' numbaf257 r- 3 '' teaon, "- ,99ft 

25791.802. filed on 2-10-2000 «Nch m T ^ *"** """"^ 

P~^a, pelen, eppncefion l^Vm^ e^TT * "* ^ " 
filed on 2-11-1900- m, , , w,m9 . 6 ". attorney docket number 25791 8 
ma on 2 11-1999, (4) provisional patent application number 60/121 702 »n 
docket number 25791 7 filed on ? 9= «. °wi2l,702, attorney 
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HIT. " W ProVhtoBl ^ 60/131,106 

6 numb* 60/137.990. ^ doc*., nlmber J5791 . 17 , Bled JT^SmS 
P^»r PMM appfcaion n-te«i4M*. adome, doc*., nunitw ^ J 
fled on 7*199S, (II, (.ovWooa, app|icaUo „ „^ r ■ 

«- w « „ ^ (12) ^ ^ ^ 

2S7Q1 xa «uw " attorney docket number 

25791.34, filed on 10-12-1999; (14) provisional patent application number 

atZ^VT' 25791 ' 36, fi,ed on 1IM2 - 1999: < 13 > — 

STS number 60,159,033. attorney doCet number 25791.37, filed on 10-12- 

1999. (15) provisional patent application number attornev dockft , 

IS number 25791.27. filed on 11-01-1999. _ attorney docket 

Applicants incorporate by reference the disclosures of these applications. 

Background of the Invention 

<m,JT, T" "** SenM " y " We,lb0,B CaSlnSS ' and h ****** <° «■»» 
ashgs that are famed using expandable lublng. 

" ' ^ J^^'^'^^^'^'^^nosare^ln 

Into „ fa™.,*, „ ln)tew „ ^ „ ^ 
™e *rehofc Is ddtad ,„ m teMls ^ a 

*- *• casing ol f upper We,™,. Thus. «he casings are s, , 
^•"-^--nl*.**,*.^,, ecre^lndo*™ redirect. CemJ 

s«i ft. casings from .he borehole wa». Asacons^uenc odhlsn^darranoemenl 

a large borehole diamele, involves Incased cost, due to he,W casino hanlt 
a**™* dd. blto end ^ volurees e, dd»tog rT^IS 

oemen, he WMn9 . required ^u*™™ conges due to ^ vade^ ,„ 'J. 
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diameters drilled In the course of the well, and the large volume of cuttings drilled and 
removed. 
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Conventonally, at the surface end of the wellbore, a wellhead is formed that 
WcalV includes a surface casing, a number of production and/or drilling spools 
5 valvog. and a Christmas tree. Typically the wellhead further includes a concentric 
arrangement of casings Induding a production casing and one or more intermediate 
caangs. The casings are typically supported using toad bearing slips positioned above 
colpIT C ° nVenti0nal d6Sl9n and cons ^" of wellheads is expensive and 
10 Conventional*, a wellbore casing cannot be formed during the drilling of a 

r?;, 1^' ** ™ nb ™ ' S dri " ed 9nd a We,,bore * formed in the 
newly dnlled section of the wellbore. This delays the completion of a well 

The present invention is directed to overwming one or more of the limitations of 
the exisbng procedures for forming iwellbores and wellheads. 

Summary . 

According to anothOr embodiment of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within the * 
tubular member, pressurizing an annular regton within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular member a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing an interface between the 
second and third tubular members, and a mandrel positioned within the first tubular 
rnemberarKicoupledtoanendoftlwmlrdtubulafrnember. ' 

^J^r 9 * an0th6r emb0diment ■* ***** invention, an apparatus is 
provwed that .ndudes a tubular member, a piston adapted to expand the diameter of 
me tubular member positioned within the tubular member, and an annular chamber 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids out of the tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preex.st.ng structure. The tubular member is coupled to the preexisting structure by 
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toe pmcess oft poata** ^ ,„ „ 0WIIawlng ^ 

preextsbng sbuetore. ptac* , ^ „, M** mimibKt pressuj2 , a „ 

ZZT ** ""^ «» - Replacing th. 

mandrel with respect to the tabular member. 

5 Accenting to anotoer embodiment of lite present mventton. a method of 

-M, . tobo* member * pmvided Hot Includes prefomting the tabular member 
to inctade a firs, portion, a second portion, and . mm' p^,,, ptaa „ 9 , ^ ^ 
toe second portion of the tubtdar member, pressunzmg , ^ »*„„ ^ ^ 

10 dtemeto, of ma second portion o, «„ member „ gmator tan „ , nsl d, 

diametereof the fbst and third portions of the tubular member. 

Accenting to another embodlmint of the .pM lnvw)tl0 „, OT te fof 
^^^'tobularm^iapn^^^.^^,^ 

^o,^s^d,ubu b rmen^rl,g^^„ ttw ^ 9dta ^ ofmetel 
ana third tubular members. 

20 m v, ^T?'"' 9 10 ^ • ,, * odlm!n, <X toe present Invention, an appatatos Is 

20 provided Dial includes a tubular member t.™™ n« J • 

luuuiar memtter having first, second, and third portions, a 

P«ton adapted to expand the diameter of .he tabular member penned within Ihe 
• ~» ponton of. the tabUa, member, the pteton inctedlng a passage tor ^£ 
tabtfiar memb*. the tns W e dtemeter o, ate secTd pdrtjo. 72 

Acootdlng to another embodiment of the pmsent Invention, an apparatus Is 
P-ov«ed tha, HKtadee a pteerfsfing ssuctore and a tabula, member coupI to Ihe 
~g sbuctum. ^ ^ ^ „ ^ ^ 

30 !1T SS r ' TOtanrtnS ^ ""^ " •* and «*d 

P«e*s«ng atrectate; pteca, . mindre , ^ „,„ ^ ? 

member; pressurtang an sMedermglon w*n ate tobuter tn^ and d We 

is :r:r:sr~*~~«-~i. 



The present embodiments of the invention provide methods and apparatus for 
forming and/or repairing wellbore casings, pipelines, and/or structural supports by 
^expanding tubular members. ,n this manner, the formation end repair of 
wellbore casings, pipelines, and structuraJ supports is improved. 

Brief Description of the Drawings 
FIG. 1a is a fragmentary ejection illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

^ F,G - 1b fe a "«ner fragmentary cross-sectional illustration of the apparatus of 
rIG. 1a. 

F,G - 1c is fragmentary cross-sectional illustration of the apparatus of 

FIG. 1a. 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

15 FIG 2a F ' G ' 25 fe an0th6r fta9me " tery cross - secti0 '«' "'^tration of the apparatus of 
FIG 2a F,G ' 2 ° ,S an0ther 1ra9m ™ toty cross - section al Illustration of the apparatus of 
FIG. 2d is another fragmentary cross-sectional Illustration of the apparatus of 
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FIG. 2a. 
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FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

Detailed Description of the Illustrative Embodiments 
Referring now to FIGS. 1a, ib and 1c. an apparatiis 100 for expanding a 
ubular member will be described. In a preferred embodiment, the apparatus 100 
includes a support member 105. a packer 1 10, a first fluid conduit 115, an annuiar fluid 
passage 120, fluid inlets 125, an annular seal 130,a second fluid conduit 135. a fluid 
passage 140. a mandrel 145. a mandrel launcher 150. .a tubular member 155, slips 
160, and seals 165. In a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
form a wellbore casing, tine a we.^sing, form a pipetine. line a pipeline, form a 
structural support member, or repair a welibore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at .east a 
porton of the tubular member 155 onto a preexisting tubular member 

The support member 105 is preferably coupled to the packer 110 and the 
mandrel launcher 150. The support member 105 preferably Is a tubular member 



105 nay to decourtea (tan, »„ „ . * ** 

15 comm.** sva(to[ , te "° may be "V™""^ * con™r*onal 

counby tubular aoods low allov a t^i S ' f0r eXampte - oilfie| d 

Tto annular fluid passaoe 120 h M L " d,anber 175 ' 

•uch « toman., wa te , epT^Z ! TT* 10 """^ 

> — '-». .tarn a^tStr,? rtta,0Mra ^ PreSSUreS ^' te » 

™a fluid inlels 125 aranoaun™^ ^ fcrlh,radw axtonsionprdcass. 
cams, and stag „ a. op**, pressums arK) ^ 1 



con**,3S TtoZZ^T" "'^^^"offl^eecondfltfd 
135 dudng "I"* ^ M «"°'« u ^°f<r»s.cor* fluid condull 

Iran Patter SealT^ ^ W " TOnt ' *» """"I* «al 130 Is a polyp* seal available 

TJie second fluid „,„„„, 135 ■ 
mandrel 145. Tl» second n.,*™, •» coupled to the annular seal 130 and the 

TO pressures end flow .Tn l * rtCa '" 5 ' "* * 

26 t^^herdertoopflnTairfl ST ° 10 ^ * and o 1o 3.000 
<— expansion ^ ^ ^ •** rates - *■ P™ssuras ,or 0» 

«* rnawaj e!Cc^TT^ " " ^ "° * adapfcd * convav 

0 secflon lacked flTr 1^ ^ - " memb ° r <•-* 

^as.fl.e^prnZl^lT"^"™'* ^ ™ 
«91 Strang J, ,„ Itl^ _ ' '" n9Sten c " b ^ *"*» » o*er 

mandrel leuncber 150 end .ubule, „ f .T^ " 10 ""•""a"' •» 

embody. „. JLE£lZ£ *" " * ~ * ' 

a« of fl» conic secbon ranges from tout 58 to S2 Rocl!vre „ c ,„ 



order to optimally provide hioh vialrt =tr^».k . 

«M*o con, 145 fc nee, ,1 " Pre,e ™' embMlm< "*' "» 

lenoreooy In order to optimally provide abrasion resistance end 

5 ^ rto ^^^ a «9»>««<ne ra dle l « paM tonp ro oes S 

145 J! ' aUnC,, ° , 150 IS support member 105. toe mandret 

lecMtate toe^rf ^ variable cross-section and e reduced wall thickness In order to 
a* - fcZtlT^ *™ adeptod to mate wito toe mandrels. 

tow .tow sto,,. etototese steel, o, «JL ^Tre" * *** 
™2 150 K remMl * oouptod to toe tobular member ,55 to tote 

member 15S betvifeftfiraHi-i^ , 9 ' wthln 0,6 tubular 
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. •» seals 165. The fcbolar member ,55 preferably „ a ^ TOmter 
jnu^o. convent, comr ^ avai|abtemater . alssuct)ii& ^ 

Th.^»T PS . 1$0 ""^ *° <*<•» tub*r member 155. 

or omer secure upon »» red« e^nsico „ me ^ ^ J* ^ 

The s»ps 1eo may be em- number „ ccrtveobona, commercial avaeable siips such 

ZlZT' Rm ^ •*»■' — -ir ,ype 

«-**- - — * ^bie brtdge p*^ b^s^n camide Zr 

Th. Jtz" ? tr wpw 10 ■*• owside ^ * »» — •» i«- 

.ubuiar member 155 arei ». tateltor Mls „ , ^ ^ 

mTbl « L "* e,,,an< ^ « A- 165 

Z, *ZT •* C °" Va, " IOre " '* mme,da " y aVa " able seate su * "i-'tar e*amp,e 
.MMtar. lead. Mae rt*ber.. Teflon, epoxy. or omer elastomere. „ , ^ 

embcdbnem. me ^e ,65 are rubber sea, avaflable flom mmma 
~ °«" **•*»* P*« ~* an, toad b™** capac,™ 
During operation of B» apparatus ,00. the apparatus 100 Is preferably lowered 

embodiment me apparab* 100 Is posWoned wim al leas, a portion of me bibufer 
^er^overt^^a^^^^^^ 

«** ,70. in a prafe™, embody „. ^ exp3nskln „, ^ 
« « «, cause ihe slips ,60 and see. ,65 to e Wfl , * me infenor «Z£ 
*. casino ,70. ,n «, man™, m. expanded. .ubuiar member , 55 



* enhanced «upp« * 160 and ,„ snhanMd ^ sea ^ ^ 



flrafened embodiment *. fluldle ntteda. .a p^p* , nto ^ 175 „ _ 

~ «- flew rato, ran*, ^ ^ , b JW ^ a „ d „ " ^ 

ITT 175 - 71,8 taOTased op8raiin fl * ■» ^ 

Zy.T" "»ndral laon*., 150 anll ^ 

150 and lubutor n»mbec .156 * of th.;ho. of die mend* 145 awsas h ™^ 

.6 lo nn" UbU ' ^^""^laraedon. cZT 

member 155 to expand In the radial direction. 

mMmM - — *"d praaaura of th, fluidlo 

-M 165 rad«»d during „ Mr atones of me ex!ru,lon prooe8s „ oc*r to 

IT ^ «»<* caueed b» *a common 2 

extrusion process. ■ ■ 

1n.a pratem* embodiment ft. cauaaa the mandrel 145 to 

|« an axJa. dNdta, m During th. axial movement of Ine mandra! m a 
pra^arauafflnant.h. fluid paas*, 140 oon»ya (Unto materia, 190 dteptaoad by 
• to™** mandra, ,45 M of me we, lbore .180. ,„ ms manna, fte oparaflon, 
•fltooncy and speed of Iho exbuslon process la enhanced. 
In a prafaned embodiment process 

attat nT "* ** «— 1» 

and »» bora no* ,60. In mis manna,, a harfen* sea,mg .oyer la provided baNraen 

meex^ed tubular manber o„*w„,bera ,60 

/ul »^*™-1e.lnapra,enedemb^^ 

xr,: support ,o5 ' « - — * 
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. altem8 " V8 »" =PP»»« 100 « used to a 

member 15S preferably Include stlps 160 and saabl ICS 

in an a»ama«ve embodiment, toe apparatus 100 la used to torn, a tubular 
5 ^^aupportforabuildirBorotndK^slnictute. 

a tubuT*^" 0 " 10 F ' GS - * * * * * nd * " W*» 200 for expanding 

MM. -upportn^be, 205. , ^ bun(J , er ^ 

^ a ^«^^"*«1'ment.«»*p«to S 200 bused to «My 

"" dW ^ —»■« "1 «* — r. •» 

•HM. .200 may be used to torn, , ...bore casing. *» a w-bon, casl*. torn, , 

M ur. ^support member, to a p^fcmed mMM _ „ af ™£ 
15 ^^«^apo^o flh ,to^ m e^22 5o „ toap ^^ 

. The support memtar 205 is pmfercbly oouptod to the mandm, huncMr 210 
205. •.am*, iauncher 2,0. to, tobutor member 225. and toe Z 240^, 

!ZT7„ ^ * B ™™''^^'^^-^^dacoup l edlrD mB » 
aiaad^toundter^oupontoeoorr^w^a^pp,^ . 

^ "»"*■" te ""*«r 210 Is coupled to too support number 205 and the 
tobular member 225. The ma**, teuacher 2,0 prefe^ are a tubuj I£ 
^ a ,a«e crease and ^ ^ m ^ J££ 

■*« expanston process, to a preto^ ^bodtotont. to. ooss-sectiona, ansa « I. 

2^I.T~ 3,83 *— r»0 - adapted ,0 mat* 

«* d.ckness of toe mandrel launcher 210 mopes fmm about 50 to ,00 % of the wa» 



„ ■ 
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manes* cf .h. .ubuiar membe, 225 m order to fadlate ^ ■ 

expansion process. 

mand™, ^c,, 210 may be febdcated *„„ ^ ^ 

IT/ * T 88 ** • ln a ■ ~ — -n. 

««*■ ao is fabrfcatod fc. CieH ^ ^ ^ 

. M tower wa» man me ^ ^ ^ ,„ = 

27! ^ °" he """"^ — 225 *- »—»- -*-»-«. 

10 Z r ^' 2 '° * •» to°* n^ber 225. mWs 

oonwlion of an extrusion operation. '. 

— JL" mi " X " ,, ' 2,5 15 C0up ' ed 10 *" mandrel laim< * er 210 - ™» >-W » 

m!rj" an " U ' ,r * «* -*» ^=»W km any nun** 

angle of ft, eon* sexton o, the nra*™, 215 ^ „. ^ „ „ 
30 d|9n»s m orov to opemaPy expand (ha mandrel iauncher 210 and tm 

'".P^-^^sedaceolaCto 
» n ra r — * pray*. ytoM 

. to opttmally rxov.de a hard outer surface and a resflien. totodo, body in enter to 

5 220 b ^I Pa8S898 ^'^^^^^TheWdpaas^a 

0 l^'r 0 ? ,"1* ^ *>m about 

MOO pal and 0 to 3.000 saltons/mtoute In onler to op^ provide «ow rates and 

JT!rT"" ' nte,265adapted tore ^» ** orahersMardJce. ,„ 

270 — ■»■— - W may be PutoUy tao^ 
Iran toe Intenor chamber 275 below the mandrel 215. 

'.«. a. ^ , tUbU ' a ' membe ' ^ 15 to °* """"^ *«««*« «<>. •» slips 230 

ZZTT ^'^^^^'"toba.rmentoar^d 
irom any number of conventiona! commerda«y avaltobto mateHals suoh as, for 
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T ^ * are <o the tAtorforw**. cash, ptpetioe 
or other stnxu™ op^ „. ^ ^ » 

«»l forces ranglrg from about Old 750,000 IW. 

•0* 235 ^ . ^ SM| ^ ^ ^ The seals 235 

o-^atvenderc „ o*r b 0P5™*, pressure ^ and ^ ^ 
The shoe 240 Is coupled to the »*ular member 225. The shoe 240 emf.r.hK, 
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Into a H^libcire^^Uun^ ct "* le a PP ara ' u * 200, die apparatus 200 is preferably lowered 
>*•«"•»• 260 hntng a preening eeoBoa of .*.bore o»lng 27 5. In a preened 

ZTS "r^" 200 15 ■* - - • i-'- 

^ 2J5 o W dapp,n«wlm,pb to of ( hew^c» hg 27 5 . w**^, 

TJITT »-■•-«*.«. I. or** * 

10 Sl^L ^ "* SC " m " t *- •*".■*«-» * »>e fubufa, member 

t **• 230 "* ^ 235 h ■* * ■» «*» * 

* «M ebucure, -w« I, ^ . ^ J „ fte 

*• •*«!*-*• ** • ** Serial 2801a prcferabfy pu^d 

275. through the (bid pasaag. 245. and Into »» anmdar region 270 In a orefened 
embody. ^ ^ ^ „ ^ ^ ^ ^ ' ~ 

» Pnaesures «, ,„ rates ,„ g ^ ^ • ^ 

l*^, n^ „ .„ „ 
around Ihe expanded lobular member 225 

toe ben 255 ma.ee * and eee* on th. m „ „ ^ ~ • 

220. ^toiaman n ., 1 pec ta mbar 2 70 fe nu,d,*, Mtel ,d^ m e^b W 275 

A» Nutated In FIG. 2d, after plapamenlof the ban 285 in (be Met 265 of *. 

zzz r aba " ° * 9 '°°° n and ° to ^ oit 

pmwle optimal P p„„ ng efficteney. The ftuldie material 200 may be any numb., « 
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S H^VT^^^ Tha Increased spare,*, 

iwssare „ ft. .tort,,, m ^ ^ ttaiLJ! 

« ma moodr* 215 causes «» mandrel launchsr 210 aM tubular membar 255 ,„ 

Z7T,,T!^' Pr " Mred emb °*»t «» «*uslon precess ssusas th. 
mand™i215tDmwinanaxlaldlre«tlon295 

; fefc ^^He.2e.i„aprere^, mboa ^ wh ■ 

r;: p ir: rr* TOmber2 ° 5 ' — - 

rr^r^rr 235 ' mo stoe ~ - - - — 
^.rr^r^r- 200 * ^ - ■ — 

In a prefer embodiment, the tubular members 105 and 225- shoes 240 
expansion cone launchers 150 and ?in- flwj , &1 Shoes 240 ' 

210; and expans on cones 145 and 91* 
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number 2 791.3.02, filed on 12-3-1999, whk* .aimed the benefit of the filing date of 
p^tona. patent application number 60/111,293, attorney docket number 25791.3 

filed on 12-M998; OufiHty patent applteafcon number. attorney docke 

number 25791.8.02, filed on 2-10-2000, which ctofrned »e benefit of the fling 
P ™ patent a PP .«ca«pn number 60/119.611, attorney docket number 25791 8 
fited on 2-11-1999; (4). prov.s.onal patent application number 60/121,702, attorney 
docket number 25791.7, filed on 2-25-199Q ... 
fin/191 §4 on 2 25.1999, (5) provisional patent application number 

60 121,841. attorney docket number 25791.12. filed on 2-26-1999; (6) provisional 

2 t;i™ n number 6o/121 - 907 - attomey *** «*- 25791.U l:: 2 

2^1999; (7 prov^iona, patent 

25791.11. filed on 3-11-1999; (8) provisional patent application number 60/131 106 
attorney docket number 25791.23. WXnWmin,**^^*^- 
number 60/137.998. attomey docket number 25791,7, fited on 6-7-X ( i" 
pmvs,ona. patent ppplication number 60/143.039. attomey docket number 25791.26 
fited on 7-9-1999; (11, provisional patent application number 60/146,203. attomey 

docket number 25791.25, filed on 7-29-1999- * . s . ' 

' on 7Z9 - 19 ". 02) provisional patent application 

attome y """*er 25791.29. filed on 9-16-1999' (13) 

provisional patent application number aHnntM ... . 4 

wo<M(aj : — • attorney docket, number 

25791.34, filed on 10-12-1999; (14, provisional patent application number 
20 attomey docket number 25791.36, filed on 10-12-1999; (13) provls^T^ 
app^ca on number 60/159.033. attomey docket number 25791.37, filed on 10-12- 
1999; (.15, provisional patent application number attomev 

SSI* * m ~ ^=riTZ^ 

disclosures of these applications. 

***bed. . w«e ranse ef mo****, ^ and „ ^ ^ 

^"9 dlsdos^. », some ^s. S on» featTO s of me prcsen, hvenllon 

• wth the scope of the invention. 
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Claims 

1. An apparatus, comprising: 
a Hirst tubular member; and 

a secorel tubular member coupled to the first tubular member 
a mandrel within the second tubular member, 

a pressurized region within the ! second tubular member above the mandrel; and 
a mechanism adapted for displacing the mandrel with respect to the second 
tubular member; 

wherein the first tubular member includes a defective portion, and wherein the 
second tubular member is positioned in opposing relation to the defective portion. 
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5 Placing a mandrel within the tubular member; 

dZTT, Hi T ^ Wrthl ' n above the mandrel; and 

displacing the mandrel with respect to the tubular member 
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2. The method of claim 1, further comprising- 

^Th. « claim 2. ^ ^ „ uids pass insk)e - ^ 

15 . 

4. The method of ciaim 1, wherein the volume of the annular region Increases: 

5- The method of claim 1 , further Including sealing off the annular region, 
stationary member and sealing a non-stationary member. . 



7. The method of claim 1, further including conveying fluids In 



opposite directions. 



25 8- Themethod of ciaim 1, further including conveying a pressurized fluid and a non- 
pressurized fluid in opposite directions. 

9. The method of claim 1, wherein ttie pressurizing is provided at operate 
pressures ranging from about 0 to 9,000 psi 9 

30 

10 The method of ctaim 1, wherein the pressurizing Is provided at flow rates ranoino 
from about 0 to 3,000 gallons/minute. "ow rates ranging 
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